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Introduction

Lepton flavor violation (LFV) in charged leptons

= negligibly small probability in the Standard Model (SM)
even taking into account neutrino oscillations .

2

2
Br(z > ly)q, < (&nv j <10~
My

Vv vy (or v,)

(EPJC8 513(1999))

Observation of LFV is a clear signature of New Physics (NP)
-Many extensions of the SM predict LFV decays.
—>These branching fractions could be enhanced as high as

current experimental sensitivity.
Tau lepton :

- The heaviest charged lepton
- Many possible LFV decay modes
=|deal place to search for LFV
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LFV Iin SUSY

SUSY is the most popular candidate for BSM

2 Y
among new physics models om,

\
\
N\
=18
\
\

naturally induce LFV at one-loop

due to slepton mixing | Ll - e or

t—0y mode has the largest branching fraction
in SUSY-Seesaw (or SUSY-GUT) models

When sleptons are much heavier than weak scale

. - Higgs
LFV associated with a (h/H/A) < B3

neutral Higgs boson (h/H/A) =

eorp

Higgs coupling is proportional to mass =
=uporss (n, n” and so on) are favored
and Br is enhanced more than that of t—>py.

To distinguish which model is favored, gupdate 1M (W=r .1,
various searches for t LFV are important! e’ k2. K% 0.0), 2 2 ¢
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KEKB/Belle

B-factory: E at CM = Y(4S)
e*(3.5 GeV) e (8 GeV)
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. Off-resonance:
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Good track reconstruction
and particle identification

i Efficiency ~85% ~90%
4181199 331102 313005 1040008 Dt
Fakerate ~3% ~0.1%
» o(t1)~0.9nb, o(bb)~1.1nb .
A B-factory is also a t-factory! ~9x108 17 at Belle
World-largest data sample!
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Analysis method '

o pte >t T signal event v
—1 prong + missing e T o
(tag side) ya
u+y (signal side) /eneric T decay
° ° \\\
Signal extraction: M -AE plane \
_ 2 .2
M uy \/(EW p,U?/) M, ~m,
- CM CM signal MC
AE=E " —E

Blind analysis
=Blind signal region

Estimate number of BG in the singal region
using sideband data and MC 03|30 ellipse: blinded region
>UL is evaluated by F&C method (POLE). This size is decide

04 by the resolution I

1.65 1.7 1.75 1.8 1.;35
My, (GeV/c?)




Slgnature of sighal and background

signal
Y
e ;? e
T Only tag side has
\ neutrino!
\
v
SM 1t event
fake or ISRy
,V
ey

Both sides have
\ neutr inos

\j ->missing helps us
2010/12/14

puu event

to reject this kind of BG’s.

fake Y or ISRy

e /
Both sides have
no neutrino

H —>total energy is
equal to beam energy.
qq event
(g=u, d, s, c)

Both sides have
many tracks and photons.
—->No. of photons
decreases this kind of BG’s.



Feature of Analysis for t=>puy, pn, pup

Generally,
«v in signal decay : difficult to distinguish from ISR or fake v,

makes resolution worse than in all-charged modes.
-lepton: good efficiency and low fake rate, good resolution.

- BG rejection Mass resolution

T=>uy  very hard bad (y)
t=>un  hard (but 1 mass window helps) bad (2y, but 1 mass window helps)
T2upup  easy(ulD x3) good (only charged tracks)

Here, we discuss only n—=vy subdecay mode.

Besides, since Ty has only 2 particles,
less kinematical information than that for [
other decays ol

1 L
[T}

TNy  ee>upty, T2UVV+y, T2 VY u

TOUN  eeUUHYY, TUVVEYY, T>TV+yy -

TOUUN  ee= UppiL,eepiy
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Search for tT—200

Update analysis from 543fb-1 —782fb""

- Apply almost same event selection as
previous analysis

We observe no events in signal region

for all modes PLB 687,139 (2010) | - T
CECTMDCENTTTE
eete- 0.210.15 T e
wutus 7.6 0.132%0.06 2.1

ewu- 6.1 0.10£0.04 2.7

uee 9.3 0.04+0.04 1.8

uern-  10.1 0.02+0.02 1.7

eute-  11.5 001001 1.5 My

7T 1T
. , . /
>(1.3-1.6) times more stringent results than previous, ™"’
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Search for t—2P°(=r’nn’)

previous result
Data:401 fb-' @ Belle, 339 fb-'@BaBar
(PLB648,341(2007)) (PRL98,061803(2007))
To obtain high detection efficiency,
n(n’) is reconstructed from yy(p%) as well as nnn®(wnn).

B<(0.8-2.4)x10-7 at 90%CL
‘New search with 901fb-! data sample

« To obtain better resolution, n(n’)-momentum is evaluated by
n(n’)-mass-constrained fit.

« Differently from the previous analysis,

selection criteria are set mode by mode.
ex. ) previous new

commonly required P,4. SGeV/céPMCM/«/_S <0.38 for t—=>un

. Fort= Neural network (NN not required for t—en
K1, ( ) 0. 15<P CM/«/'s <0.38 for t—>un

selection is also introduced. P o1//5 <0.38 for t->en?

Finally, the efficiency is higher than previous (around 1.5x in
average), while similar background is achieved. (#BG < 1) .



Result for t—2P%=r’nn’)

BeIIe prellmlnary

b TR YY)

s TR YY)

t—’un 'm' —Wp )

AE (GeV)
AE(GeV)

AE (GeV)

M, (Gev/c?) M, (GeVic ) M, (Gev/c?) M,,, - (GeV/c?) M, © (GeV/c?)
0. - 0.2 . —— o —> ‘
'c—>e"r] (n —)'rt'nn) 02| <. en’(—>vyy) S
0.1

S I T S I YT
un(=>vy)  82% 0632037 36 pn(=rmmn) 8.1% 0.00+0.16-0.00  10.0
un(=nren’) 6.9% 0.23*+0.23 86 un' (—=ply) 6.2% 0.59+0.41
en(®yy)  7.0% 0.66+0.38 en’ (®nmm) 7.3%  0.63+0.45
en(=>nnn’) 63% 0.69+040 81 en (=p%) 7.5% 0.29+0.29

-(2.1-4.4) times more stringent results than previous (401fb")



* X
Search for 2VO(=p?,K™%,K™0,®,0)
previous result
Data: 543 fb! @ Belle, 451 fb-'@BaBar
(PLB664,35(2008)) (PRL100,071802(2008),PRL103,021801(2009))
-Differently from 2P°, 2photon process could be large backgrounds for 2=e.

B<(0.3-1.9)x107 at 90%CL /e+ ﬁ
q T

‘New search with 854fb-! data sample q
«Detailed background study: et v
|t turns out that not only 2photon process but \ -
e—
also ee+X process become large background for t=—=>u—p°
and T "—n-ndv with y—conversion becomes e K*0/K*
backgrounds because e/h(=m, K) separation is wor: e-

in low momentum region.
Fake K*0 clear p peak

data b main BG
due to \%_\ ' eetp (?)
e-Mmiss KID signal | “i t,
MG (epg\#i ¥ o
Z' B TCO Y 100 _/IIJ—H_"LI‘LI::}:
Finally, higher or similar efficiency is kept 0

< e+

0.6 .8 MTCTC

L

(around 1.2xin average)

while similar background level is achieved. wt and qg MC



Result for 8VO(=p?, K*O K™, (I))
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UL for t—=up® Is the most stringent among all the t-LFV decays



Upper Limits on LFV t Decay

At Spring on 2009
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New Upper Limits on LFV t Decay
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LFV Sensitivity for future prospects

LFV sensitivity ‘ depends on background level

50ab-'@next-generation B-factories is expected.

| [ Ng@lab | Ngg@50ab' I ibelsai
opy ~7 ~340 ocl/ \/Lu—m

>un  ~0.7 ~35 —E—

=>upp ~0.2 ~8 ocl/Lum
S B O>w  Expected sensitivit
S CLEO Hooun P y

]
= o Agn AT3u Ty Br~0O(10-8-2))
Bfacrm:e: T_bu“vu’ Mn Br~0(1 O_(9_10))

-8 (Belle, BaBar) ~ o L.
10 2 o o toobtainimproved sensitivity
10° » 0 -better particle identification

wprBieea | better resolution for y
10-10 -3 :—2 :—] .
)

10 10 110
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t=>uy & polarized beam

e According to our study, main BG comes from
T>uvv + extra y (ISR or beam BG).
=>» This can not be rejected by PID.

0.1 1.5 ab"* generic tt MCsample (11|
. ) removed by MC generator info.
O oo . . . . . 0 .
> : SIS 90% events %
SO0le. Tt ameved 01
N . ° ® . '.." LA « * 2 H N’
€§] et . ' AT R
<02, el <.02
. . a’, Nl
0.3}" -0.3
'04 \ .\ .| \ | | \ -04 \ ‘ \ ‘ ‘ ‘ ‘
1.65 1.7 1.75 1.8 1.85 1.65 1.7 1.75 1.8 1.85
M, (GeVic?) M, (GeV/c?)

nobody knows how t=>uy behaves



Theoretical calc. for t=>puy

Most generic form for int. Lagrangian

4G _
L=— = imAgra ' PruF

F e

ITas
2

tm Apro* " PruF, +Hej.

Consequently,

A #0,A; =0 pin uy behaves similarly to 7 in v
A =0,A, #0 pin py behaves oppositely to wt in v

ex) SUSY SU(5) GUT |47 |* =4/
depends on Ap -
A #0,A; =0 | 4z]>+ ][4z

Phys.Rev. D63 (2001) 113003



T 2T V/T =21tV

T-rest frame T

hel. of T =1

T-Test
cosO__

T-rest
cosB__

T-rest
cosO_

hel. of T~ =-1

-1 -0.5 0 0.5 1

T-rest
c:(:nseﬂt N
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T 2> vtt=2nty

T-rest frame

hel. of T~ =1
L/

cosO Tt-rest
I'L_

\

2 1
P i
o 0
8 0.5
O é
-0.5 qgi 0
S
hel. of T~ =-1
0.5
-1
-1 -0.5 0 0.5 1
-1
-1 -0.5 0 0.5
T-rest
2010/12/14 COSBJT+ e seminar@LNF
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T 2uy(L)/tr=2nty

T-rest frame

hel. of T =1

cosO T-rest
IJ"-

cOSO Tt-rest
I_L_
o

-0.5

cosB T-rest
I‘L_

S 05 1 hel.oft=1
cosO trest _
il 17505 00 05 1
2010/12/14 AL # 0, AR =0
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T 2uy(R)/t 2wty

T-rest frame

hel. of T =1

CcosO  t-rest
Il_

cosO T-rest
I.L_

cosO T-rest
l‘l’-

1 05 0 05 1 hel. of v =-1

T-rest
cos@ﬁ .

2010/12/14 A =0,A; #0
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BG rejection?

1
The region 0.0<cos0,,0.2< cosO_
0.5 is selected:
Z
Qe

=>uy(l) 41%
=2>uy(R) 13%
T2uvy - 23%

-0.5

0.5

cosB Tt-rest
I‘L_
o

-0.5

-1 -0.5 0 0.5 1

T-rest
C089ﬁ+
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cosO T-rest
I‘L-

©=>uy(R)

-1 -0.5 0 0.5 1

T-rest
COSBgt .
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Simulation with Belle 1 detector

* set beam(3.5/8 GeV) and detector as current ones
* 1-1topology + 1 v in signal side (E,>0.5GeV)

ulD>0.95 P >0.6GeV/c

1.5<M ,<2.0, -0.5<AE<0.5 (GeV)

* When p and y are decided, mother t can be
reconstructed. = t-direction

* helicity ~ polar angle for t T
~ polar angle for u > / —>
in CM frame. © > e <

/ cosOt>0
¥ heloft =1

T+



tau direction

from u and y, mother tau can be reconstructed and from it, another tau
also can be reconstructed.(But, for BG, they are wrong information.)

dot:
T 22U v/t 2ty
0.5 0.5
: Z
g 0 g 0 cosOu>0
S 3
0.5 05
e E—
SR e g e
s .' LR -,-.:,'.
0.5 & R
Z
P:'i_ ...-
z ! s e cosOu<0
g &
e,
-0.5

5 0 035 1
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cos0,>0, cos0,>0

C T-rest
cos6,,

Narertal o,

PSS ©
"f.o\-.: ’:':' s ":u'-
0.5 I s
‘é ‘. .:E-'.'..
%:Ii 0 _ ..." --:
3 8.
. } .
-0.5 e
_-1_1 _0‘.5 5 015 1
2010/12/14

- -rest
COSBTH_’E res

Selection

T-rest

(,039ll

o T-rest
cos6,

-rest
COSBTH_T Tes

dot:
T oUW/ttt

cosOu>0

mode | Remain(%)_

t=>uy(l) 38%

2uy(R) 21%

=2uvy 23%
cosOu<0
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Summary

Lepton flavor violation is a good signature of NP.

We have updated search for = LFV decays into 8+M°(=nn,1’",p% K*°,K*,0,4)
and 222 using the world-largest data sample obtained by KEKB/Belle

No LFV signals are observed yet and we set limits of
branching faction around O(108).
—>Improve sensitivity by factor ~100 from CLEO

‘UL for t=>pp® is the most stringent among all the t-LFV decays
‘not only much larger data samples but also more
effective BG rejection after detailed examination of the BG

In the future, SuperKEKB/SuperB projects will start
with ~50x higher luminosity.
—>BG will also increase propotionally to the luminosity.
—>1—~>uy will have huge BG events.

Beam polarization will help to reduce BG.
-L/R-type MC sample is considered. - hel. angle cut is sensitive to model.

checked with actual-setteing data sample. > more realistic cut.

Belle started the analyses for the various modes
2010/12/14 using its full data sample!(~1ab)



But., still, these figures for the angle
of pi direction not to helicity but to
tau direction.

1

0.5

e 0
o
Q

When the angle between
helicity direction and pi
direction, one signature

-0.5

. (Always, one tau direction
corresponds to helicity
05 direction while another
7 direction is opposite to hel.
g 0
S

-0.5

1705 00 05 1

2010/12/14 0 trest seminar@LNF
COS T+

175 0 05 ; of cosine should be oppsite.

To make them to the
angle dist. to helicity.

exchange the sign

T-rest
cosf,

T-rest
cosB,

1

exchange the sign
1

0.5

<

T-rest
cosf,

After that, unify them,
you obtain the dist2f70r
the angle to helicity.



Selection

cos0,<0, cos0,>0

dot:
T 22U v/t 2ty

. T-rest
cos6,,

cosOu>0

mode | Remain(%)_

=>uy(l) 23%
=2>uy(R) 41%
2>uvy 40%

cosOu<0

™ T-rest
cos6,

A5 0 05 1 15 0 05 1
2010/12/14
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T >uy(general)/tt=2nty

do(ete =1 r —puty+a )

1Gr e
L=—— {J‘H ’f[_ﬁi"ﬂ'“ PL;_LF =ole’e =7 17 )B(tT—=p y)B(r =7 P)
2 .- :
' 5 ' 5(s—2m7)
y s dz,dzz| 1- PRIy
4 LL —Am? | — A2 )
?J’i',l,.::l PR.”-F +H_['_J'-___ §Tam | (s—am_){sTim_)
S Xdp(22,~1)(2z,-1) . ®)
B | A|*—|4g| _.'
_[:lpz 2 7"
| 47|+ 4g]
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